We argue that acceleration induces polarization in dielectrics. This effect might explain recent experimental results by A.S.Rybalko on electric induction in second-sound wave in superfluid helium.
Gravitoelectric susceptibility
Applied electric field E polarizes dielectric, in linear approximation its dipole moment per unit volume is given [1] by the equation
where κ = (ε − 1)/4π is the electric susceptibility and ε is the permittivity of the media. In presence of an external gravity field g the equation (1) should be extended to include additional term
Phenomenologically we can not calculate the "gravitoelectric susceptibility" γ, it is an intrinsic property of the dielectric. We can, however, estimate it from microscopic considerations. Both electric and gravity forces acting upon an atom urge to tear electric cloud away from the nucleus. The polarization must therefore be equal to zero if these two effects compensate each other. Electric "tear force" (the difference between the forces acting on the nucleus and on the electrons) is approximately F e ∼ 2EZe, where Z is the atom number and e is the elementary charge. Gravity effectively acts on the nucleus only, appropriate "force" is F g ∼ gM , where M is the atom mass. Equating these two "forces" we obtain
So far we considered the dielectric at rest. Influence of the velocity, until it is comparable to the speed of light, can be neglected, but equivalence principle of the General Relativity dictates how the accelerationv enters (2)
Superfluid
Superfluid may posses two types of motion: superfluid and normal flows characterized by the velocities v s and v n . Equation (4) therefore requires generalization to this two-fluid case.
In the low temperature region 2 electric polarization of the superfluid can be calculated as follows. For brevity we further assume no external electric field, nor take into account constant gravity field. Equation (4) when averaged over temperature fluctuations gives macroscopic polarization as P = − γv . At low temperatures the main excitations are long-wavelength phonons. They are described by macroscopic hydrodynamics [3] , particularly acceleration is given by the Euler equationv
where p(ρ) is the microscopic pressure and ρ is the density of the liquid. Electric susceptibility of helium is very small and is therefore proportional to the density. This also applies to the gravitoelectric susceptibility γ ∝ κ ∝ ρ. From (5) we obtain
where Π ik is the momentum flux density tensor. Its microscopic and average macroscopic values are given by
respectively, where j is the mass flux 3 and p is the pressure. Anisotropic part of ρv i v k is quadratic with respect to the relative velocity v n − v s , in linear approximation it can be neglected ρv i v k = δ ik ρv 2 /3. In phonons mean kinetic energy ρv 2 /2 is equal to mean potential energy, in other words ρv 2 = δE 0 , where δ designates the increment with respect to the value at T = 0, i.e., δE 0 = E 0 − E 0 (T = 0). Here E 0 = T σρ + µρ − p is the energy density in the frame of reference of the superfluid component, σ and µ are the entropy and the chemical potential per unit mass. Neglecting higher order terms
Cρ dT + w ∂ρ ∂p dp = Cρ dT + w c 2 dp, (8) where c is the velocity of sound, w = (p + E 0 )/ρ is the heat function per unit mass, and no distinction is made between heat capacity C at constant pressure and density nor between isothermal and adiabatic compressibility ∂p/∂ρ = c 2 . Finally combining (6), (7), and (8) we get
This can also be expressed with the help of linearized superfluid hydrodynamics equations as
where
Discussion
Recent experiments [4] demonstrate that a second-sound wave gives rise to an electric field in superfluid. One can easily estimate the expected effect from the equation (9). There is no pressure gradient in a second sound wave, the voltage across two points in superfluid is then
Failure to observe this effect in the first-sound experiment could be due to the fact that walls of the cell are the acceleration nodes for the first-sound standing wave.
